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CONPIDLNTIAL
NAVORI* Report 22&?

"IMPROVED METHOD .FOR THE PREPARATICH
OF ESTERS OF 2,2,2-TRINITROETHANOL"

Prepared by:
Marion E. Hill

ABSTRACT: This report conteins preliminery laformaticr
on the use of snhydrous alumimm chloride to acceleratie the
Teaction between organic acid chlorides and 2,2,2-trinitro-
ethanol under mild conditions.

This reaction is a necessary step in the
preparation of a new class of experimental high explosives
under active development by the Bureau of Ordnance,

Explosives Research Department
U. 3. Raval Ordnance Laboratory
White Oak, Maryland
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This report is a desoription of the synthesis of esters
of 2,2,2-trinitroethancl performed under Task NOL-Ra20-
19-1-52. The reliability of the work and validity of

the conclusions are the res bility of the author and
of the Chemistry Division, losives Research Department,
of the Naval Ordnance Laboratory. This report is for
preliminary information only.

Rear Admiral, USK

Commander P
PAUL M. PYE %@ Chief
Explosives ﬁa , Departomt
By direction
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"IMPROVED METHOD FOR THE ?WARATION
OP Esms OF 2,2;2" INLT

1. Esterification of o o a0ids with 2,2,2-trinitro-
ethanol was first acoomplished in 19%3 by Dr. Rudolf Schenck
and others of the State Institute for Metal Chemistry,
Marburg, (reference 1). In this country the Hercules
Powder Company (reference 2) has repeated the preparation
of most of the esters reported by Schenck and prepared
additional ones, Some of the 2,2,2-trinitroethanol esters
are of oonsidersble interest as new exploaives because
of their mw content and good stability.

In addition of them have polymerisation properties
which are being mnttisaud for propellant compositions
and others m bc u cxploun waxss. Butestio
formation ,Mmmmmtyuu and bis
(trinitroe ‘) momtn md excellent thermal stability
at 120°C has led to further study of these two esters ar
new castable high explosives. They are now in pilot pl.nt
produstion by the NHaugatuck Chemical Division the United
States Rubber Company under BuOrd contract (reference 3).

2. This report contains preliminary informatio on the
accelerating effect of nnhydm aluminx: chloride ¢a the
rate of reastion between 2,2,2-trinitroethanol ard . c
acid chlorides under mild conditions., This rmucm &
necessary step in the preparation of such compoundi, me has
hcr‘t:iorc been carried out under difficult or dangerous
conditions,

3. The reactive properties of the OH in 2,2,2~
trinitroethanocl are greatly decreased by the ! m.emtml
group. Consequently formation of its esters by the usual
methods from organic acids or acid anhydrides s difficult
aend not gensrally applicable. Their preparation has usually
been accomplished by hnt trinitroethanol with an organic
acid chloride without a gglmt medium at teayeratures

ranging from 25°C to 135°C for several hours. ?mu tha?ol
esters prepared by the Hercules Powder C ny (reference 2

by this method include the bensoate, aceta oyanoaceta
acrylate, salicylate, malonate, succinate, gfm;mu ’ adipate,

. R
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phthalate, 4-nitrophthalate, anxi terephthalate. The rate

of reaction of trinitroethanol with acid chlorides decreased
greatly when a solvent was used to dilute the reactants

and few preparations have been successful when carried out

in this menner. Mo product was obtained by the Aerolet
Engineering Corporation (reference 4) when mesaconyl chloride
was refluxed with trinitroethanol in methylene chloride or
chloroform, and only a amall amount of a product was obhailned
when xXylene was used as a solvent, When fumaryl chloride

was heated with trinitroethanol in tetrachloroethans at

141° for 2 hours, no reaction resulted (reference 5).

However, the Naugatuck Chemicszl Division of the United

States Rubber Company (reference 6) has obtained bis(trinitro-
ethyl) succinate by dissolving suscinyl chloride and trinitro-
ethanol in benzene and refluxing for five hours with p-tolu-
enesulfonic acid catalyst. Trinitroetihyl acrylate has been
prepared from acrylyl chloride and trinitroethanol by 16
hours refluxing in benzens with p-toluenesulfonic acid
(reference 7).

The classical chemical method of simple eaterification
of free acids by nloohols, when attempted with trinitro-
ethanol using mineral ac1d catalysts, requires very long

astion pericde. The Aerojet Engineering Corporation
%tmc 8) has prepared trinitroethyl methacrylate in
y eld by reacting trinitroethanol and methaorylis acid
for hours in refluxing benszene using sulfuric acid catalyst.
The preparation ¢f trinitroethyl acrylate in the same manner
required five days and nights (reference 9). In this labo-
ratory bis(trinitiroethyl) succinate was obtained in 55% yield
by direct esterifization in refluxing bensene for 300 hours
with p~tolusnesulfcnic acid catalyst added intermittently.

Previous work on the catalytic esterification of acids
by trinitroethanol has dbeen confined to the use of strong
acids, such as sulfuric and p-toluenesulfonic acid as
catalysts. These have been far from satisfactory from the
standpoint of yield, renction time and epplicabllity to
large scale production. Direct reaction of an socid shloride
and trinitroethanol in the absence of a solvent at elevated
tetperatures makes even large scale laboratory preparation
unfeasidble because of the danger of explosicn inherent in
the method. Also none of the above methods was easlly
.pg.léubu to preparation of esters of glphs, beta unsatu-
ra dicarboxylic scids. From this situation srose an
interest in £inding a oatalytic method which would afforxd
easier and safer ladboratory preparetion, which would extend
ssterification to previvusly wmxreactive ascids and which
would be applicable to pilot plant production. Consideration
of a type of catalyst dissimilar to the strong acids but
known for reactivity and complex formation led to the success-
ful use of anhydrous aluminum chloride.

Y- S
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Discussion

4. The use of small amounts of anhydrous aluninum
chloride with an acid chloride and 2,2,2-trinitroethanol
permits the reastion to proceed repidly unde» mild cone-
ditions either with or without a solvent. Gocd ylelds
have been obtained in short reaction periods snd the
method seems to be generally applicable., However, many
aspects of the process have not been investigated as yet
and the information contained in this report should be

conrsidered preliminary.

The preferred procedure for carrying out the
reaction is to add slowly a solution of organic acid
chliride to a mixture of 2,2,2-trinitroethancl anc a
smell amount of alumimm ghloride in the presence of a
solvent such as cearbon tet loride or chloroform at
temperatures ranging from 40°C to the reflux temperature
of the solvent. Evolution of hydrogen chloride gas is
vigorous and maintains a fair rate until the reaction is
complete. Alternatively, 2,2,2-trialtroethanol and an
acid chloride may be dissolved in a solvent and powdered
sluminum chloride added at room temperature. If necessary
this reaction mixture may then be warmed to such tempere-
ture that vigorous evolution of hydrogen chloride gas
oocsurs and, after this evolution subsides, ending with a
short reflux period to complete the reastion. The crude
product obtained after filtration is washed with iced
dilute hloric acid to remove alumimum chloride and

recrys lized.

In the absence of a solvent, the esterification
reaction m«d ed vigorously at room temperatuie in most
cases in resence of aluminum chloride., In the prepa-
ration of bis(trinitroethyl) succinate, the resstion pro-
ceeded s0 rapidly that the reactant mixture set to a
8011d mass of precipitated produsct within two mimutes.

Cy themselves furaryl chloride and trinitroethanol did

nct react at an appreciable rate below 100°C, but did react
sompletely at room temperature with five mimites after
alumimun chloride was added (reforence 5). Trinitroethyl
4,4,3-trinitrobutyrate was prepaied from 4,4,4-trinitro-
?:tygl chloride by this method ‘n 87€ yield after recrystalk
ization.

30 far the optimm amount of alumimm chloride to
us® has not been determined. The quantities which were used
varied with the conditions of experiment and with the reac-
tivity of the acid chlorides. Por experiments where no

-3
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solvent was used quantities of alumiram chloride equsl

to 10-20% of the molar quentities of the acld chlorides
gave satisfactory results, and for experiments using &
colvent medium, quantities up to 50% molar ratio were

used., Reactant soncentration was 0.4 mole of acid chloride
per liter of solvent, either carbon tetrachloride or chloro-
formm, with trinitrosthanol in 10-20% excess. The rate cf
reaction of the components was followed by leading the
hydrogen chloride gas evolved into a solution of silver
nitrate or a standard solution of sodium hydroxide.

Plans have been made to determine the relative
effect of other Priedel-Craft type catalysts (of which
alunimm chloride is only one example) on the esterification
reaction and to determins the applicability of the method
to other polynitro alcohols. From this work some infor-
mation on the mechaniasm of the reaction may be obtained.
Patent application has been submitted covering this proceas.

Experimental
Results and information on the conditions uved in
the experiments conducted so far are summariged in Table I,
Acknowledgement
The helpful suggestions of Dr. O. H. Johnson are
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